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The Burkholderia cepacia complex (Bcc) is a versatile group of closely related bacteria that are ubiquitous in nature (Coenye & Vandamme, 2003; Peeters et al., 2013; Vandamme & Peeters, 2014; Vanlaere et al., 2009) . Some Bcc strains show biotechnological potential for bio-control, bioremediation and plant growth promotion, whereas other strains are pathogens for plants and immunocompromised individuals such as those with cystic fibrosis (CF) . Bcc strains are also common nosocomial pathogens (Vonberg & Gastmeier, 2007) . The Bcc comprises, at the time of writing, 18 validly named species (Peeters et al., 2013) , which exhibit a high degree of 16S rRNA (98-100 %) and recA (94-95 %) gene sequence similarity, moderate levels of DNA-DNA hybridization (30-50 %) and whole-genome average nucleotide identity values of between 85.04 and 89.92 % (Vanlaere et al., 2009) . Protein encoding genes applied in a multilocus sequence analysis (MLSA) approach have a high discriminatory power for the identification of Bcc isolates, and 3 % concatenated sequence divergence has been validated as a threshold level for species differentiation (Peeters et al., 2013; Vanlaere et al., 2009) . The application of this threshold level to analyse publicly available MLST data revealed the presence of at least another 16 novel Bcc species that await formal description (Vandamme & Peeters, 2014) .
Nine Bcc bacteria were isolated in ongoing environmental soil and water sampling surveys for the ecological niches of Burkholderia pseudomallei, the aetiological agent of melioidosis, in the tropical Northern Territory of Australia.
As part of the Darwin prospective melioidosis study (Currie et al., 2010) household yards, gardens and domestic water supplies and other locations in Darwin city and its rural surrounds have been opportunistically sampled over the last two decades, with recovered B. pseudomallei and other species of the genus Burkholderia characterized and stored. Environmental sampling and bacterial isolation methods have been described previously (Kaestli et al., 2012; Mayo et al., 2011) .
These nine isolates represented two unique MLSA clusters within the Bcc, referred to earlier as clusters Bcc B and Bcc L (Vandamme & Peeters, 2014) . Upon deposition of the sequences in the Bcc PubMLST database (http://pubmlst. org/bcc/), three additional Bcc B isolates were identified: one environmental soil isolate from North Carolina, USA, one clinical isolate from a respiratory specimen (tracheal aspirate) of a native American non-CF adult patient from North Carolina (we were unable to verify if infection could have been acquired abroad) and one isolate from a sputum sample of a patient with CF from Australia (Table 1) .
All isolates were preserved in MicroBank vials at 280 8C. They were grown aerobically on tryptone soya agar (Oxoid) and incubated at 30 8C for further characterization, except when mentioned otherwise. For PCR experiments, DNA was prepared by alkaline lysis as described by Storms et al. (2004) .
MLSA was performed using standard protocols (Peeters et al., 2013; Spilker et al., 2009) . Nucleotide sequences of (Jolley & Maiden, 2010) . The mean number of nucleotide substitutions per site (i.e. the percentage of divergence of concatenated allele sequences) between established (June 2014) and the newly proposed Bcc species was calculated using the program DnaSP v5.10 (Librado & Rozas, 2009 ) based on the Jukes-Cantor method (Jukes & Cantor, 1969) . A phylogenetic tree of the concatenated sequences (2773 bp) of seven housekeeping gene fragments, namely atpD (443 bp), gltB (400 bp), gyrB (454 bp), recA (393 bp), lepA (397 bp), phaC (385 bp) and trpB (301 bp), was constructed using MEGA5 (Tamura et al., 2011) .
Within cluster Bcc B (n55) the concatenated allele sequence divergence was 1.4¡0.6 %, and the average divergence towards its nearest neighbour, Burkholderia ubonensis, was 4.0¡0.8 %. Within cluster Bcc L (n53) the concatenated allele sequence divergence was 1.9¡0.7 %, and the average divergence towards its nearest neighbour, Burkholderia diffusa, was 3.9¡0.9 % (data not shown). These concatenated sequence divergence values demonstrate that the two clusters represent novel species within the Bcc (Peeters et al., 2013; Vanlaere et al., 2009) .
When a non-Bcc outgroup species (Burkholderia fungorum) was included in the phylogenetic analysis of the concatenated sequences, cluster Bcc B and cluster Bcc L isolates constituted two clusters supported by high bootstrap values of 93 and 99 %, respectively ( Fig. 1 ; see also Vandamme & Peeters, 2014 ). Yet a bifurcation was apparent in each cluster and the removal of the outgroup taxon reinforced the differences between these subgroups in the resulting phylogenetic trees: Figs S1-S7 (available in the online Supplementary Material) show the results of phylogenetic analyses based on single gene sequences. Among Bcc B isolates, R-52095 had gltB, lepA and trpB gene sequences that were very similar to those of the remaining cluster Bcc B strains, whereas its gyrB, phaC and, to an even greater extent, atpD and recA gene sequences were divergent from those of the remaining cluster Bcc B strains. Among the cluster Bcc L strains, isolates LMG 28159 and R-52244 differed from LMG 28158 T and R-52242 in particular for the recA, trpB and, to a lesser extent, lepA gene sequences, whereas the atpD, gltB, gyrB and phaC gene sequences were highly similar (Figs S1-7).
Random amplified polymorphic DNA (RAPD) analysis of all isolates was performed with primer 270 as described by Mahenthiralingam et al. (1996) The nearly complete sequences of the 16S rRNA gene of strains LMG 28156 T (1485 bp) and LMG 28158 T (1443 bp) were obtained as described previously (Peeters et al., 2013) . Pairwise comparison of these sequences, as determined with the EzTaxon-e server (http://www. ezbiocloud.net/eztaxon, (Kim et al., 2012) , with those of type strains of other Bcc species revealed similarity levels of between 98.43 and 99.66 % for the former and between 98.89 and 100 % for the latter (data not shown). Similarity levels towards non-Bcc Burkholderia species were in the range 94.28-98.98 %. For both strains the highest similarity values were obtained towards the type strain of Burkholderia glumae.
Sequences of the recA gene were amplified using forward primer 59-AGGACGATTCATGGAAGAWAGC-39 and reverse primer 59-GACGCACYGAYGMRTAGAACTT-39 (Spilker et al., 2009) . Sequence assembly was performed using BioNumerics v5.10 (Applied Maths). Sequences (540-660 bp) were aligned based on amino acid sequences using Muscle (Edgar, 2004) in MEGA5 (Tamura et al., 2011) . Phylogenetic analysis was conducted in MEGA5 (Tamura et al., 2011) . All positions containing gaps and missing data were eliminated, resulting in a total of 473 positions in the final dataset. All Bcc B isolates except isolate R-52095, which occupied a distinct position in the recA gene tree, formed a coherent recA gene cluster with Burkholderia pseudomultivorans as its nearest neighbour (Fig. S8) . These results confirmed and extended the considerable differences observed in the 393 bp recA gene fragment of the MLSA scheme (Fig. S4) . Similarly, the bifurcation of the four Bcc L strains was confirmed in the 473 bp based analysis (Fig. S8 ).
For determination of the DNA base composition, highmolecular-mass DNA was prepared as described by Pitcher et al. (1989) . DNA was enzymically degraded into nucleosides as described by Mesbah & Whitman (1989) . The nucleoside mixture obtained was separated using a Waters Breeze HPLC system and XBridge Shield RP18 column thermo-stabilized at 37 8C. The solvent was 0.02 M NH 4 H 2 PO 4 (pH 4.0) with 1.5 % (v/v) acetonitrile. Non-methylated lambda phage (Sigma) and Escherichia coli LMG 2093 DNA were used as calibration reference and control, respectively. The DNA G+C content of strains LMG 28156 T and LMG 28158 T was both 67 mol%, which corresponded with that of other Bcc species (66-69 mol%) (Vandamme & Dawyndt, 2011) .
For fatty acid methyl ester analysis, all strains were grown on tryptone soya agar (BD) at 28 8C for 24 h. A loopfull of well-grown cells was harvested and fatty acid methyl esters were prepared, separated and identified using the Microbial Identification System (Microbial ID) as described previously (Vandamme et al., 1992 Biochemical characterization of all isolates was performed as described by Henry et al. (2001) and a summary of the results can be found in In conclusion, MLSA demonstrated that 12 Bcc isolates represented two novel species within the Bcc. DNA base content determination, 16S rRNA gene sequence analysis and fatty acid methyl ester analysis confirmed that these isolates conformed to the general characteristics of the genus Burkholderia. The two novel species consisted of two recA gene lineages that were phenotypically different;
yet assimilation of maltose and of N-acetylglucosamine could be used to distinguish these species from other Bcc species. We therefore propose to formally classify Bcc B and Bcc L strains as representing the novel species Burkholderia stagnalis sp. nov. with strain LMG 28156 T (5CCUG 65686 T ) as the type strain, and Burkholderia territorii sp. nov. with strain LMG 28158 T (5CCUG 65687 T ) as the type strain, respectively.
Description of Burkholderia stagnalis sp. nov.
Burkholderia stagnalis (stag.na9lis. L. n. stagnum pond, lagoon, lake; -alis adjective forming suffix; N.L. fem. adj. stagnalis pertaining to a lagoon).
Cells are Gram-stain-negative , aerobic, motile, non-sporeforming rods, about 0.1-0.5 mm wide and 0.6-1.7 mm long. All isolates grow at 37 uC on BSA, Burkholderia cepacia selective agar and MacConkey agar and do not produce any pigment. The majority (six of eight) of the isolates show medium-sized grey entire colonies after 3 days of 
Activity of: Lysine decarboxylase
2 2 2 Arginine dihydrolase 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 + Gelatinase 7 (+) Cells are Gram-stain-negative, aerobic, motile, non-sporeforming rods, about 0.2-0.5 mm wide and 0.5-1.7 mm long. All isolates grow at 37 uC on BSA, Burkholderia cepacia selective agar and MacConkey agar. They show medium-sized grey entire colonies on BSA without haemolysis, no pigment production is observed and all strains grow at 42 uC. Two isolates (R-52243 and R-52244) display mixed colonies types with small and large colonies. However, RAPD on both colony types shows identical patterns. All isolates show slow oxidase-positive reactions, lysine decarboxylase, b-galactosidase and gelatinase activity but no ornithine decarboxylase or aesculin hydrolysis activity. Acidification of glucose, maltose, lactose, xylose and adonitol is positive, with strain-dependent reaction for sucrose acidification (negative for R-52242), as well as nitrate reduction (negative for LMG 28158 T and R-52242).
No assimilation of N-acetylglucosamine. API 20NE profiles are 0077567 (LMG 28158 T ), 0077577 (R-52242) and 1077577 (R-52243 and R-52244). The following fatty acids are present in all isolates: C 14:0 , C 16:1 2-OH, C 16:0 2-OH, C 18:0 , cyclo C 19:0 v8c and C 18:1 2-OH all at v5%; and C 16:0 , cyclo C 17:0 , C 16:0 3-OH, C 18:1 v7c, and summed features 2 and 3 all at between 5 and 30%. Strains have been isolated from environmental groundwater samples.
The type strain is LMG 28158 T (5CCUG 65687 T , originally collected as MSMB110 T ). Phenotypic characteristics of the type strain are the same as those described above for all strains of the species. In addition, the type strain reduces nitrate and acidifies sucrose. The DNA G+C content of the type strain is 67 mol%.
